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STORAGE SYSTEM AND SNAPSHOT 
MANAGEMENT METHOD THEREOF 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

This application relates to and claims priority from Japa 
nese Patent Application No. 2003 066500, ?led on Mar. 12, 
2003, the entire disclosure of Which is incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 

This invention relates to snapshot management, such as 
snapshot acquisition and restoration of data, in a storage 
system used in a computer system. 
A typical example of a storage system of this kind is, for 

example, a disk system using RAID (Redundant Arrays of 
Inexpensive Disk) technology. In a storage system of this 
kind, for example, as a precautionary measure in case of 
trouble, and to transfer a stored content to other applications, 
and in connection With debugging, the recording of a snap 
shot (stored data content at a speci?c time) of a certain 
storage region is carried out. 
A typical related method of creating a snapshot is a 

method Which uses duplication (mirroring), as set forth in 
the beloW-listed Patent Documents 1 and 2. In this method, 
during normal operation, in Which online operations are 
carried out continually, all updated data is Written in dupli 
cate to tWo volumes. At a designated time, one of the 
volumes is cut of f from online operations, and the content 
of this cut off volume is taken as a snapshot of the other 
volume at the designated time. 

Patent Document 1: JP A 2001 306407 
Patent Document 2: JP A 2001 331373 
With previously proposed snapshot creation methods 

based on duplication, there has been the problem that, 
because of the processing burden of constantly duplicating 
updated data, the response of the storage system to a higher 
devices falls, and, as a result, the throughput of the computer 
system as a Whole falls. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
provide a novel snapshot management method Which does 
not use duplication. 

it is another object of the present invention to provide a 
novel snapshot management method With Which it is pos 
sible to improve the response of a storage system. 

To achieve the above-mentioned objects and other 
objects, a storage system according to one aspect of the 
invention, having a ?rst volume and a second volume, 
includes, for use When it has received a snapshot acquisition 
request requesting the taking of a snapshot of the ?rst 
volume pertaining to a designated time: synchronous copy 
ing means for, after the designated time, receiving a data 
access request With a storage region in the ?rst volume as a 
target, and, if data recorded in the target storage region in the 
?rst volume has not been copied to the second volume since 
the designated time, copying data recorded in the target 
storage region to the second volume; and advance copying 
means for, after the designated time, predicting a storage 
region in the ?rst volume to be the target of a data access 
request in the future, and, if data recorded in the predicted 
storage region has not been copied to the second volume 
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2 
since the designated time, copying data recorded in the 
predicted storage region to the second volume. 
A storage system according to another aspect of the 

invention, having a ?rst volume and a second volume, 
includes, for use When it has received a snapshot acquisition 
request requesting the taking of a snapshot of the ?rst 
volume pertaining to a designated time: synchronous copy 
ing means for, after the designated time, receiving a data 
access request With a storage region in the second volume as 
a target, and, if data recorded in a storage region in the ?rst 
volume corresponding With the target storage region in the 
second volume has not been copied to the target storage 
region since the designated time, copying data recorded in 
the storage region in the ?rst volume corresponding With the 
target storage region in the second volume to the target 
storage region; and advance copying means for, after the 
designated time, predicting a storage region in the second 
volume to be the target of a data access request in the future, 
and, if data recorded in a storage region in the ?rst volume 
corresponding With the predicted storage region has not been 
copied to the predicted storage region since the designated 
time, copying data recorded in the storage region in the ?rst 
volume corresponding With the predicted storage region in 
the second volume to the predicted storage region. 

In a preferred embodiment, a storage system according to 
the invention can further include, for use When, after the 
designated time, it has received a restore request requesting 
the restoring to the ?rst volume of the snapshot of the ?rst 
volume pertaining to the designated time: second synchro 
nous copying means for, after the restore request is received, 
receiving a data access request With a storage region in the 
?rst volume as a target, and, if it is regarded that data 
recorded in a storage region in the second volume corre 
sponding With the target storage region in the ?rst volume 
has not been copied to the target storage region since the 
designated time, copying data recorded in the storage region 
of the second volume corresponding With the target storage 
region to the target storage region; and second advance 
copying means for, after the restore request is received, 
predicting a storage region in the ?rst volume to be the target 
of a data access request in the future, and, if it is regarded 
that data recorded in a storage region in the second volume 
corresponding With the predicted storage region has not been 
copied to the predicted storage region since the designated 
time, copying data recorded in the storage region in the 
second volume corresponding With the predicted storage 
region to the predicted storage region. 

In another preferred embodiment, a storage system 
according to the invention can further include, for use When, 
after the designated time, it has received a restore request 
requesting the restoring to the ?rst volume of the snapshot 
of the ?rst volume pertaining to the designated time: second 
synchronous copying means for, after the restore request is 
received, receiving a data access request With a storage 
region in the second volume as a target, and, if it is regarded 
that data recorded in the target storage region in the second 
volume has not been copied to the ?rst volume since the 
designated time, copying data recorded in the target storage 
region to the ?rst volume; and second advance copying 
means for, after the restore request is received, predicting a 
storage region in the second volume to be the target of a data 
access request in the future, and, if it is regarded that data 
recorded in the predicted storage region has not been copied 
to the ?rst volume since the designated time, copying data 
recorded in the predicted storage region to the ?rst volume. 

In another preferred embodiment, a storage system 
according to the invention can further include second 
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advance copying means for, When after the designated time 
an advance copying request for snapshot acquisition is 
received, performing the same copying operation as the 
advance copying means for the Whole range or a speci?ed 
range of the ?rst volume. 

In a further preferred embodiment, a storage system 
according to the invention can further include third advance 
copying means for, When after the restore request is received 
an advance copying request for snapshot restoration is 
received; performing the same copying operation as the 
second advance copying means for the Whole range or a 
speci?ed range of the second volume. 
And in yet a further preferred embodiment, a storage 

system according to the invention can further include, for 
use When, after the designated time, the snapshot of the ?rst 
volume at the designated time is to be read out: reading 
means for selectively reading, of data recorded in a storage 
region of the ?rst volume, data Which has not been copied 
to the second volume since the designated time; and reading 
means for selectively reading, of data recorded in a storage 
region of the second volume, data Which has been copied 
there from the ?rst volume since the designated time. 
A storage system according to another aspect of the 

invention, having a storage domain on Which are performed 
Writing and reading of data in response to commands from 
a computer, includes: a storage control part for controlling 
the Writing and reading of data in response to commands 
from a computer; a ?rst storage region, de?ned in the storage 
domain; and a second storage region, de?ned in the storage 
domain and associated With the ?rst storage region, for 
virtually holding a data image of the ?rst storage region 
pertaining to a certain time, Wherein the storage control part 
has ?rst copying means for, When after said certain time it 
has received a command to Write data to a target region in 
the ?rst storage region, copying data in the target region to 
the second storage region before this Write command is 
executed, and the storage control part, When it has received 
a read request pertaining to the second storage region, if the 
region for Which this read request is received is a region to 
Which copying of data has been carried out by the ?rst 
copying means, reads out and outputs the data copied by the 
?rst copying means, and if the region for Which this read 
request is received is a region to Which copying of data has 
not been carried out by the ?rst copying means, reads out 
data from the ?rst storage region corresponding to this 
region. 

And, in a preferred embodiment of this storage system, 
the storage control part can include: determining means for 
determining Whether or not Writing from the computer to a 
target region in the ?rst storage region is sequential, Writing; 
and second copying means for, When the determination of 
the determining means is that it is sequential Writing, copy 
ing data of a region continuing from the target region to the 
second storage region in advance of a Write request from the 
computer arising. 

Other and more speci?c objects and characteristics of the 
invention Will be discussed in the folloWing description of 
preferred embodiments thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the invention and 
Its merits, reference should be made to the accompanying 
draWings together With the folloWing description. 

FIG. 1 is a block diagram shoWing the overall construc 
tion of a storage system according to a preferred embodi 
ment of the invention; 
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4 
FIG. 2 is a How chart of basic snapshot management 

operations carried out by a disk system 3; 
FIG. 3 is a diagram shoWing an example of the timing 

With Which synchronous copying (S1), accessing (S2) and 
advance copying (S4) shoWn in FIG. 2 are executed; 

FIG. 4 is a How chart shoWing the operation of the disk 
system 3 in a case of taking a snapshot on Writing data to a 
main volume 40; 

FIG. 5 is a block diagram shoWing the constitution of a 
snapshot taken by the operation shoWn in FIG. 4; 

FIG. 6 is a How chart shoWing more speci?cally hoW bit 
maps 34, 36 are used in the operation shoWn schematically 
in FIG. 4; 

FIG. 7 is a How chart shoWing more speci?cally the 
distribution of the roles of the CHAs 14 and DKAs 16 in the 
disk system 3 in the operation shoWn schematically in FIG. 
4; 

FIG. 8 is a How chart shoWing the operation of the disk 
system 3 in a case of restoring (copying back) a snapshot to 
the main volume 40 on reading/Writing of data to the main 
volume 40; 

FIG. 9 is a How chart shoWing more speci?cally hoW bit 
maps 34, 36 are used in the operation shoWn schematically 
in FIG. 8; 

FIG. 10 is a How chart shoWing more speci?cally the 
distribution of the roles of the CHAs 14 and DKAs 16 in the 
disk system 3 in the operation shoWn schematically in FIG. 
8; 

FIG. 11 is a How chart shoWing the operation of a disk 
system 3 in a case of restoring a snapshot on Writing data to 
an auxiliary volume 42; 

FIG. 12 is a How chart shoWing the operation of the disk 
system 3 in a case of taking a snapshot on reading or Writing 
to a auxiliary volume 42; 

FIG. 13 is a How chart shoWing the operation of the disk 
system 3 in a case of performing advance copying at a 
different time from When the volume is accessed; 

FIG. 14 is a How chart shoWing the operation of a disk 
system 3 in a different case of performing advance copying 
at a different time from When the volume is accessed; and 

FIG. 15 is a How chart shoWing the operation of the disk 
system 3 in a case of performing data reading for creating a 
backup. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 1 shoWs the overall construction of a storage system 
according to a preferred embodiment of the invention. 
As shoWn in FIG. 1, in a computer system 1, a storage 

system 3 according to the principles of the present invention 
is communicably connected to a higher device 2, Which is 
called a host computer or a client computer or the like. The 
storage system 3 is a disk system to Which RAID technology 
has been applied, and, for example, it has multiple disk 
devices 22 and records data on them. 

To control the disk devices 22, this disk system 3 has 
multiple processors, such as a service processor (hereinafter, 
SP) 12, one or more channel adaptors (hereinafter, CHA) 14, 
and one or more disk adaptors (hereinafter, DKA) 16, and 
these processors 12, 14, 16 can communicate With each 
other via an internal LAN 10. Also connected to these CHAs 
14 and DKAs 16 are a cache memory 18 Which is used in the 
exchanging of data among those processors and a common 
memory 20, Which is used in the exchange of commands, 
responses and control information among the processors and 
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in applications, such as Work regions. Also, a console 24 
constituting a man machine interface of the disk system 3 is 
connected to the SP 12. 

In this disk system 3, the CHAs 14 mainly perform 
operations, such as processing of commands from the higher 
device 2 and data exchange With the higher device 2, in 
accordance With a pre loaded program 30 for command 
processing. And, the DKAs 16 mainly perform operations, 
such as Writing and reading of data to and from volumes in 
the disk devices 22 and data exchange among the volumes, 
in accordance With a pre loaded program 32 for disc pro 
cessing. The exchange of data among the CHAs 14 and the 
DKAs 16 and among the volumes is carried out via the cache 
memory 18. 

In this disk system 3, in accordance With RAID technol 
ogy, multiple or many logical volumes 40, 42 are built on the 
recording regions of the disk devices 22. In this speci?ca 
tion, for convenience of description, one of these multiple 
logical volumes 40, 42, ie the volume 40, Will be called ‘the 
main volume’, and the other, ie the volume 42, Will be 
called ‘the auxiliary volume’. Typically, the main volume 40 
is, for example, a volume on Which there is recorded original 
data actually used in the business of the computer system 1. 
On the other hand, the auxiliary volume 42 is used, in a 
normal state Wherein continual online Work is carried out, 
for recording copies of part or all of the data in the main 
volume 40, With the object of creating a snapshot of the main 
volume 40. In that sense, the main volume 40 and the 
auxiliary volume 42 are associated With each other, and there 
is a one to one relationship betWeen the storage locations in 
the main volume 40 and the storage locations in the auxiliary 
volume 42. Although in the example shoWn in FIG. 2 there 
is only one pair consisting of a main volume 40 and an 
auxiliary volume 42, normally there are multiple or many 
pairs each consisting of a main volume and an auxiliary 
volume, With different applications and purposes. HoWever, 
in the folloWing description, to make the description simple, 
just a pair consisting of one main volume 40 and one 
auxiliary volume 42 Will be described. 
TWo bit maps 34, 36 are provided in the common memory 

20 in association With the main volume 40 and auxiliary 
volume 42 pair. In this speci?cation, one of the bit maps Will 
be calledA bit map 34 and the other Will be called B bit map 
36. 
A bit map 34 and B bit map 36 are made up of numerous 

bits allocated to the pairs of corresponding storage locations 
of the main volume 40 and the auxiliary volume 42, and the 
values of these bits express the state of all the data recorded 
in the main volume 40 and the auxiliary volume 42. HoW 
ever, the siZe of one unit of storage location in the volumes 
40, 42 corresponding to one bit of the bit maps 34, 36 is not 
necessarily the same as the siZe of one unit of storage 
location constituting an object of data access in the volumes 
40, 42. As Will be explained in detail later, the A bit map 34 
and the B bit map 36 are referred to and overwritten by the 
CHAs 14 and/or the DKAs 16 to control operations, such as 
taking a snapshot of the main volume 40 or restoring part or 
all of the data of such a snapshot to the main volume 40. 

In accordance With user instructions inputted to the con 
sole 24, the SP 12 carries out operations, such as environ 
ment setting and overall control of this disk system 3, and 
displays the status of the disk system 3 and other information 
on a display screen (not shoWn) of the console 24. Of the 
operations Which the SP 12 can perform on the basis of user 
instructions inputted to the console 24, those relating to 
snapshot management include, for example, the setting of 
various parameters relating to snapshot management, such 
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6 
as the setting of the range of storage regions to be the object 
of ‘advance copying’, Which Will be further discussed later, 
and the inputting of various requests relating to snapshot 
management, such as snapshot acquisition requests and 
snapshot restoration requests. These operations, such as 
parameter setting and request inputting, can also be carried 
out from the higher device 2. 

FIG. 2 shoWs the basic operation of snapshot management 
carried out by the disk system 3. In a normal state Wherein 
online operation of the disk system 3 is being carried out, 
this basic operation is executed each time a data access 
request is issued from the higher device 2 to the disk system 
3. This basic operation is applied both in the case of taking 
a snapshot of the main volume and in the case of restoring 
part or all of a snapshot to the main volume. HoW this basic 
operation is actually applied in the speci?c cases of snapshot 
acquisition and restoration Will be described later for each 
case; here, this basic operation Will be described generally, 
on the basis of FIG. 2. 
As shoWn in FIG. 2, the higher device 2 submits to the 

disk system 3 a request for access (reading or Writing), With 
a designated storage region (one or more storage locations) 
inside a designated volume as a target. The storage region 
Which is the target of the data access request may be in the 
main volume 40 or may be in the auxiliary volume 42. In 
either case, in response to the data access request from the 
higher device 2, the disk system 3 ?rst performs a copying 
process called ‘synchronous copying’ on the target storage 
region (step S1). This synchronous copying (S1) is an 
operation of copying data in the target storage region of the 
data access request betWeen the main volume 40 and the 
auxiliary volume 42, from one to the other, With the purpose 
of taking or restoring a snapshot. More speci?cally, in the 
case of taking a snapshot of the main volume 40, copying 
from the main volume 40 to the auxiliary volume 42 is 
carried out, as shoWn by the arroW 64, and in the case of 
restoring part or all of the data of such a snapshot, copying 
from the auxiliary volume 42 to the main volume 40 is 
carried out, as shoWn by the arroW 66. 

After the synchronous copying (S1) is ?nished, the disk 
system 3 performs an accessing process (ie reading or 
Writing of data) on the target storage region of the data 
access request (step S2). And, needless to say, When the 
target storage region is in the main volume 40, the accessing 
(S2) is carried out on that storage region in the main volume 
40, as shoWn by the arroW 60, and When the target storage 
region is in the auxiliary volume 42, the accessing (S2) is 
carried out on that storage region in the auxiliary volume 42, 
as shoWn by the arroW 62. Synchronous copying (S1) and 
accessing (S2) are carried out irrespective of Whether the 
type of access is random access or sequential access. 

Also, When the type of access being carried out is sequen 
tial access (including When the disk system 3 has so inferred) 
(S3), in parallel or serially With the above-mentioned syn 
chronous copying (S1) and accessing (S2) operations, the 
disk system 3 executes a copying process called ‘advance 
copying’ (S4). This advance copying (S4) is an operation of 
copying data in a storage region range (hereinafter referred 
to as the sequential access prediction range) Which it is 
predicted Will be accessed sequentially henceforth folloWing 
a target storage region of a data access request, With the 
purpose of taking or restoring a snapshot. In short, this 
advance copying (S4) is a copying process, for taking or 
restoring a snapshot, executed on a storage region Which it 
is knoWn With a substantial probability Will be accessed 
henceforth, in ‘advance’, before a data access request With 
that storage region as its target is actually submitted. 
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Accordingly, if advance copying (S4) is carried out on a 
certain storage region once, When a data access request With 
that storage region as its target is submitted in the future, 
there is no need for synchronous copying (S1) of that region 
to be carried out again. In this advance copying (S4) also, as 
in the synchronous copying (S1) discussed above, in the case 
of taking a snapshot of the main volume 40, copying is 
carried out from the main volume 40 to the auxiliary volume 
42, as shoWn by the arroW 64, and in the case of restoring 
part or all of the data of a snapshot, copying is carried out 
from the auxiliary volume 42 to the main volume 40, as 
shoWn by the arroW 66. 
NoW, if either the above-mentioned synchronous copying 

(S1) or advance copying (S4) (i.e. copying With the purpose 
of taking or restoring a snapshot) has been carried out once 
on any storage region, thereafter that type of copying should 
not be carried out again on that same storage region. For this 
reason, in the disk system 3, When synchronous copying 
(S1) is about to be carried out on any storage region, and 
When advance copying (S4) is about to be carried out on any 
storage region, it is checked Whether or not this type of 
copying has already been carried out on that storage region. 
This check can be carried out using the bit maps 34, 36 
shoWn in FIG. 1 (a speci?c method Will be discussed later). 
If the result of this check is that this type of copying has been 
carried out already on that storage region, the disk system 3 
cancels (does not execute) the synchronous copying (S1) or 
advance copying (S4) of that storage region. Accordingly, 
synchronous copying (S1) and advance copying (S4) are 
executed only on storage regions of Which this type of 
copying has not yet been carried out, and on storage regions 
on Which this type of copying has been carried out already, 
they are not executed again. 

This Will be explained using a simple example. In FIG. 2, 
it Will be supposed that a request for sequential access With 
a certain storage region in the main volume 40 as the target 
has been submitted from the higher device 2. And, it Will be 
supposed that the range 44 (hereinafter referred to as the 
sequential access range) shoWn in the main volume 40 in the 
?gure is a range made up of the target storage region of that 
data access request and a sequential access prediction range 
folloWing that storage region. Also, it Will be supposed that, 
in this sequential access range 44, there is a region on Which 
synchronous copying or advance copying has already been 
executed (hereinafter called the already copied region) 46 
and a region on Which that type of copying has not yet been 
carried out (hereinafter called the uncopied region) 48 
(although in the example shoWn there is only one already 
copied region 46 and one uncopied region 48, in practice 
there may be multiple already copied regions and multiple 
uncopied regions mixed up more complexly). 

In this case, of the sequential access region 44, the disk 
system 3 proposes to carry out synchronous copying (S1) on 
the target storage region of the data access request and 
proposes to carry out advance copying (S4) on the sequential 
access prediction range, but in doing so cancels the syn 
chronous copying (S1) and the advance copying (S4) to the 
already copied region 46 and actually only executes that 
type of copying on the uncopied region 48. Accordingly, for 
example, When all of the target storage region of the data 
access request is in the already copied region 46, synchro 
nous copying (S1) is not carried out at all, and When all of 
the sequential access prediction range is in the already 
copied region 46, advance copying (S4) is not carried out at 
all. 

The above example Was directed to a case Wherein 
sequential access to the main volume 40 Was requested by 
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the higher device 2, but there is also the case of sequential 
access to the auxiliary volume 42 being requested. In this 
case also, synchronous copying (S1) and advance copying 
(S4) are executed only on an uncopied region 54 of a 
sequential access range 50 in the auxiliary volume 42, and 
are not executed on an already copied region 52. 
By copying, for snapshot acquisition and restoration 

being carried out selectively, only on the uncopied region 48 
like this, compared to the conventional mirroring method, 
Wherein data is constantly duplicated, the processing burden 
on the disk system 3 is lightened. 

FIG. 3 shoWs an example of the timing With Which the 
above-mentioned synchronous copying, accessing and 
advance copying are executed. 
As shoWn in FIG. 3, from a time t1 at Which a data access 

request from the higher device 2 is received, synchronous 
copying (S11) and accessing (S12) are immediately carried 
out in succession. At the time t2 at Which the accessing (S12) 
?nishes (speci?cally, in the case of Writing, the time at Which 
the CHA 14 ?nishes Writing data received from the higher 
device 2 to the cache memory 18, or, in the case of reading, 
the time at Which the CHA 14 ?nishes reading data from the 
cache memory 18), a completion report is returned to the 
higher device 2. After that, the next data access request 
comes from the higher device. Advance copying (S13) is 
executed When possible in the period T1 betWeen the time t1 
at Which the ?rst data access request Was received and the 
time t3 at Which the next data access request is received. If 
the target storage region of the data access request and the 
storage region to be the object of advance copying (S13) (the 
sequential access prediction range) exist on physically dif 
ferent storage media both accessible at the same time, the 
advance copying (S13) can be carried out in parallel While 
the synchronous copying (S11) and the accessing (S12) are 
being carried out. If the target storage region of the data 
access request and the sequential access prediction range 
exist on physically the same storage medium and cannot be 
accessed at the same time, the advance copying (S13) can be 
carried out in the interval betWeen the time t2 at Which the 
accessing (S12) ?nishes and the time t3 at Which the next 
data access request arrives. In either case, as a result of the 
advance copying (S13) being carried out, When the next data 
access request comes, because synchronous copying can be 
skipped and accessing (S14) started immediately, the 
completion report can be returned to the higher device 
sooner. 

As a result of advance copying being carried out on the 
target storage region of a future data access request before 
the data access request comes like this, the response of the 
disk system 3 to the higher device 2 becomes faster. 
NoW, the determination in the disk system 3 of Whether or 

not the access type is sequential can be carried out, for 
example, by any of the folloWing methods. A ?rst method is 
the method 0 receiving a command indicating sequential 
access from the higher device 2. For example, in the case of 
a CKD (Count Key Data) system, Whether or not it is 
sequential access can be determined by referring to a param 
eter of a De?ne_Extent command. And, for example, even 
When an interface is being used Which at present does not 
have means for indicating Whether or not the higher device 
2 is accessing the disk system 3 sequentially, such an 
interface (command, signal or the like) can be added. 
A second method is the method of predicting, When 

multiple most recent accessings have been sequential 
accesses, that sequential access is likely to be carried out 
henceforth also. For example, in the case of a data access 
request in SCSI command form, because the target storage 




















